Since described by Hermannsen in 1933, the maximum breathing capacity test has been widely used to obtain information about the overall mechanical function of the lungs. Recently Bernstein and Mendel (1951) studied the sources of error attributable to the apparatus in the test as commonly performed, and as a result of this work designed a spirometer which was substantially free from recording error (Bernstein, D'Silva, and Mendel, 1952) .
No systematic investigation has been attempted in the past of the various factors which contribute to the amount of air respired by a subject submitted to the test. With a spirometer which records accurately the tidal air volumes of rapid breathing, systematic investigation becomes possible, and Bernstein and others (1952) demonstrated that the maximum voluntary ventilatory capacity (M.V.C.) depended on the number of respirations per minute (R.P.M.) used in the test. In this paper, the importance of the movements of the ribs has been studied by comparing the performance of a group of normal young men with a group of young men with ankylosing spondylitis.
The maximum ventilatory capacity (M.V.C.) has been defined previously (D'Silva and Mendel, 1950) and is given by the formula:
M.V.C. in litres/min. = Tidal air volume at x R.P.M. x x.
Particular attention has been paid in this investigation to the percentage of the vital capacity volume used in maximal breathing at a known respiratory rate. The term " swept fraction " has been used to denote this percentage (by analogy with the movements of a piston in a cylinder) and is given by the formula: Swept fraction at x R.P.M. = Tidal air volume at x R.P.M. x M00. Table I provides a comparison of the physical characteristics of the control and experimental groups and records the statistical probability that For vital capacity determinations, the subject was asked to breathe out as deeply as he was able into the spirometer following a maximal inspiration. The volume was taken as the mean of three to six such expirations.
The subject was then asked to hold the mask tightly against his face, and to breathe in and out of the spirometer through his mouth as deeply as possible in time to a metronome. For the test at 30 R.P.M. the metronome was set at a rate of 60, so that the subject breathed either in or out to each beat. The operator assisted by conducting in time and continually encouraging the subject to keep up his maximal ventilation. Most subjects performed satisfactorily on the first occasion, and all were able to keep to time. Maximal ventilation was performed for a period of not less than 15 secs.
The performance was considered satisfactory if the tidal excursions on the respiratory tracing were on the same horizontal level and of approximately the same size. Sloping tracings indicated an air leak between subject and facepiece and were discarded. Grossly unequal tidal excursions showed that each breath was not a maximal effort. Subjects who produced such a tracing had the test reexplained to them and were able to perform satisfactorily at the second attempt. Of the 16 subjects in whom the repeatability of the test was investigated, only two were unable to perform satisfactorily at the first attempt.
The mean tidal air of at least eight consecutive respirations, and the M.V.C. in litres per minute were calculated for the respiratory rate used. The mean tidal air at each respiratory rate was expressed as a percentage of the vital capacity volume of each subject, i.e., the swept fraction. Vital Capacity in Litres relationship between the vital capacity volume and the swept fraction subjects (triangles) and of patients with ankylosing spondylitis (circles). above, mean of five determinations); column 5 shows the swept fraction when restricted ; column 6 shows the vital capacity after removal of the restricting jacket (f) above, mean of two determinations); column 7 shows the swept fraction when the restricting jacket had been removed. Table II (columns 2 and 4) also shows the extent to which the vital capacity volumes of the different subjects were restricted by the waistcoat and also (columns 2 and 6) that, after removing the waistcoat, the vital capacity volumes returned, on the average, to their original values. In only three subjects (Nos. 8, 12, and 13) was there a difference of more than 200 ml. between the vital capacity volumes before and after restriction and in one of these (No. 12) it was greater than 300 ml.
With the thoracic cage restricted, the mean vital capacity volume after maximum breathing at 30 R.P.M. was 0.26 litres (S.D.= ±0.19 litres) greater than before the period of maximum breathing. This difference is unlikely to be due to chance (P<0.01), but it is not large. It is probably due to the fastenings of the waistcoat " giving " slightly.
The mean values of the swept fraction at 30 R.P.M. before, during, and after restricting the rib movements were the same (columns 3, 5, and 7), in spite of the large mean decrease in vital capacity volume produced by the jacket (columns 2 and 4).
In only four instances (Nos. 2, 6, 12, and 16) out of 12 in which determinations were made, did the swept fractions before and after restriction differ by more than 5%. In only No. 16 was the difference greater than 7.5 %.
The performance of these normal subjects whose rib movements had been restricted by the jacket was in every way comparable with the perfor-EFFECT OF DEGREE OF RESTRICTION OF VITAL CAPACITY VOLUME ON PERFORMANCE
The degree of reduction in the normal subjects' vital capacity volume varied from 12.6 % to 61.1 % in the different experiments.
The results are plotted on a scatter diagram in Fig. 4 in which three degrees of restriction of vital capacity volume (viz. <25%, 25-35%, and >35%) have been arbitrarily chosen. In each group, the swept fraction during restriction minus that before restriction has been plotted. With the lesser degrees of restriction, the wearing of the jacket appeared to lower the subject's swept fraction, whereas when the restriction was considerable the subject's swept fraction appeared to increase. The mean values in Table II (columns 3 and 5) suggest that this difference is insignificant.
EFFECT OF RATE OF BREATHING ON M.V.C. OF PATIENTS WITH ANKYLOSING SPONDYLITIS The maximum voluntary ventilatory capacity of the group of 14 patients with ankylosing spondylitis was studied at 30, 50, and 70 respirations per minute. Fig. 5 shows the mean values at each rate of breathing, as well as the corresponding figures for a group of 14 normal students reported previously (Bernstein and others, 1952) . It will be seen that at each rate of breathing the patients have a smaller M.V.C. (in litres/min.) than the normals. There is, however, a close similarity between the effect of rate of breathing on the maximum voluntary ventilatory capacity of the two groups. Bernstein and others (1952) Gross restriction of the rib movements in normal subjects is without effect on the swept fraction, so that the performance of patients with ankylosing spondylitis cannot be attributed to any increased efficiency contributed by the diaphragm. The only common factor associated with the respiratory system in the three groups (normals, restricted normals, and patients with ankylosing spondylitis) is healthy lung tissue, so it is suggested that the swept fraction depends on the physical properties of the lung.
SUMMARY
The maximum ventilatory capacity (M.V.C.) at different respiratory rates was studied in three groups of subjects (1) normals, (2) normals wearing a restricting jacket, and (3) patients with ankylosing spondylitis. The M.V.C. in group (1) was much larger than in groups (2) and (3).
The percentage of the vital capacity volumes used in maximal breathing at each respiratory rate was estimated, and termed the swept fraction.
The swept fractions were similar in the three groups, and it is suggested that the swept fraction is dependent on the physical properties of the lung.
We are indebted to Dr. W. S. Tegner and Mr. H. Osmond-Clarke for allowing us to investigate their patients.
